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TECHNICAL  NOTE  D-I250 

SUBSONIC  WIND-TUNNEL  INVESTIGATION  OF  ERRORS  INDICATED 
BY  TOTAL-PRESSURE  TUBES  IN  THE  FLOW  FIELD  OF  A 
BODY  SIMULATING  THE  NOSE  OF  THE 
X-15  RE^affiCH  AIRPLi^NE 
By  William  J.  Alford,  Jr. 

SUMMARY 


A  wind-tunnel  investigation  was  conducted  to  detennlne  the  source 
of  eirors  exhibited  by  a  secondary  total-pressure  tube  located  on  the 
upper  surface  of  the  fuselage  of  the  X-15  research  airplane  with  the 
nose  boom.  The  effects  of  model-nose  configuration,  of  the  meridian 
plane  of  the  total-pressure  measurements,  of  changes  in  Mach  number, 
and  of  the  addition  of  a  transition  strip  were  investigated.  The 
results  indicated  that  a  model  configuration  employing  a  nose  boom 
suffered  large  losses  of  total  pressure  on  the  upper  surface  of  the 
model.  These  total-pressure  errors  were  presumed  to  result  from  the 
vorticity  shed  by  the  boom  since  no  serious  errors  were  noted  for  ball- 
nose  or  pointed-nose  model  configurations.  The  results  also  indicated 
that  the  lower  s\irface  would  be  a  suitable  circumferential  location  for 
the  secondary  total-pressure  tube.  The  effects  of  increasing  the  Mach 
nvunber  from  0.60  to  0.80  and  the  effects  of  adding  a  transition  strip 
to  the  configuration  with  a  nose  boom  were  negligible.  The  wlnd-t\innel 
measurements  were  in  reasonable  agreement  with  flight  measurements  of 
secondary- tube  total  presstures  for  configurations  without  and  with  nose 
booms. 


INTRODUCTION 


The  X-I5  research  edzplane  has  fuselage-nose  configurations 
designed  for  both  supersonic  and  hypersonic  flight  regimes.  For  the 
initial  supersonic  flights,  the  airplane  utilized  a  pointed-nose  con¬ 
figuration  with  airspeed  and  attitude  Instrumentation  Installed  on  a 
fuselage  nose  boom.  For  hypersonic  flight,  the  airplane  utilized  a 
ball  nose  for  sensing  total  pressure  emd  for  determining  aircraft  atti¬ 
tude  by  a  null-pressure  technique.  A  secondary  total-pressure  tube, 
mounted  about  5  Inches  above  the  upper  surface  of  the  fuselage  at  a 
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location  approximately  1  foot  ahead  of  the  cemopy  windshield,  was  em¬ 
ployed  for  flight- safety  considerations. 

Fbr  the  configuration  with  the  nose  boom,  flight  es^rlence  indi¬ 
cated  that,  for  subsonic  Mach  numbers  as  high  as  0.80,  the  total 
pressures  sensed  by  the  secondaiy  tube  at  positive  euigles  of  attack 
were  generally  less  than  those  sensed  by  a  total-pressure  tube  located 
on  the  nose  boom.  In  an  attes^t  to  determine  the  source  of  errors 
Incurred  by  the  secondary  total-pressure  tube,  wind-tunnel  tests  were 
conducted  to  measure  total  pressures  in  the  flow  field  of  a  body  simu¬ 


lating  the  nose  section  of  the  X-15  research  edirlane.  Tests  were  I| 

designed  to  provide  Information  concerning  possible  effects  (on  1, 

secondary- tube  total  pressures)  of  changes  In  nose  configuration,  6 

changes  In  circumferential  location  of  pressure-measuring  Instruments,  1 

a  change  In  Nach  number,  and  possible  effects  of  adding  a  transition  6j 

strip  on  the  configuration  engiloylng  the  nose  boom.  The  jmrpose  of 
this  paper  Is  to  present  the  results  of  the  wind-tunnel  investigation. 


SYMBOLS 

local  diameter  at  survey  location  (See  fig.  1. ) 
distance  between  rake  tubes  and  model  sxirface 
free- stream  total  pressure 

local  total  pressure  measxured  by  tube 

total-pressure  error,  p^^j  -  p^ 

free- stream  static  pressiire 
local  static  pressure 

difference  between  local  and  free-stream  static  pressures, 
PZ  -  P 

fi'ee-stream  Impact  pressure,  p^  -  p 

N  free-stream  Mach  nuBd>er 

angle  of  attack  of  body  reference  line,  deg 

meridian  angle  (circumferential  location)  of  total-pressiue 
rake,  deg  (See  fig.  1.) 
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MDDlilS  AND  APPARATUS 


The  three  model  configurations  investigated  are  shown  in  figure  1. 
The  pointed-nose  model  is  an  ogival  "body  of  revolution  having  approxi¬ 
mately  the  same  shape  as  the  basic  fuselage  of  the  X-1^  research  air¬ 
plane  without  the  nose  boom  and  protuberances.  (Ordinates  for  this 
configuration  are  presented  in  table  I.)  The  pointed- nose  model  with 
a  nose  boom  represents  the  supersonic  configuration ,  and  the  ball-nose 
model  represents  the  hypersonic  configuration  of  the  airplane  without 
fuselage- surface  protuberances. 

A  rake  of  \inshlelded  total-pressure  tubes  was  used  to  obtain  sur¬ 
veys  of  local  total  pressures  at  a  model  location  approximately  corre¬ 
sponding  to  the  location  of  the  full-scale  secondary  total-pressure 
tube  on  the  airplane.  A  single  static-pressure  tube  adjacent  to  the 
total-pressure  rake  was  used  for  sensing  local  static  pressTures  at  the 
survey  location.  Details  of  the  test  setup  tmd  the  pres sure- sensing 
devices  are  presented  in  figure  2.  The  pressures  were  measured  on  a 
multiple- tube  manometer  containing  tetrabromoathane. 


TESTS,  CORRECTIONS,  AND  ACCURACY 


The  tests  were  made  in  the  langley  high-speed  7-  by  10-foot  ttumel 
at  free- stream  Mach  numbers  of  0.6  and  0.8  with  corresponding  Reynolds 
nmbers  per  foot  of  3.55  x  106  and  4.26  x  10^,  respectively.  The  emgle- 
of-attack  range  generally  extended  from  -20°  to  20°.  The  effects  of  the 
nose  configuration,  the  meridian  angle  of  the  pressxire  rake,  and  Mach 
number  were  investigated.  In  an  effort  to  assure  turbulent  flow,  one 
test  was  made  with  a  transition  strip  of  No.  60  carborundum  grains 
located  on  the  model  configuration  with  the  nose  boom  as  shown  in 
figure  1. 

No  corrections  have  been  made  to  the  data  to  account  for  the  dif¬ 
ferences  between  the  totsil-pressure  rake  used  in  the  wlnd-tiumel  tests 
and  the  single  total-pressure  tube  eo^loyed  on  the  alxplane;  neither 
have  corrections  been  made  to  accoiuit  for  Interference  effects  between 
adjacent  tubes  on  the  rake.  On  the  basis  of  reported  characteristics 
of  individual  unshielded  total-pressiure  tubes  (ref.  1),  it  is  believed 
that  the  tubes  used  in  the  present  tests  should  be  insensitive  to  local- 
flow  incidence  angles  up  to  approximately  10°.  Static-pressure  measure¬ 
ments  include  no  corrections  for  possible  errors  associated  with  cross- 
flow  and  with  Interference  effects  of  the  total-pressure  rake. 

Consideration  of  the  methods  employed  for  model  support,  ttumel 
setting,  and  press\u:*e  measurement  indicated  that  possible  random  errors 
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in  the  test  data  should  he  no  larger  than  the  following  maximvm- error 
estimates: 


M 

^t/'5c 

Ap/dc 

^Pt/Pt 

0.60 

.80 

±0.010 

.006 

±0.010 

.006 

±0.002 

.002 

In  the  analysis  of  the  data,  it  should  be  noted  that  test  conditions  of 
positive  angles  of  attack  and  a  pressure-rake  location  of  0=0°  cor¬ 
responded  to  the  conditions  for  the  actual  flight  configuration,  where 
the  secondary  total- pres sure  tube  was  located  on  the  upper  siorface  of 
the  fuselage.  Also,  test  conditions  of  negative  angles  of  attack  and  a 
rake  location  of  0  =  0°  can  be  considered  as  corresponding  to  a  fli^t 
arrangement  with  the  secondary  total-pressure  tube  located  on  the  lower 
sxirface  of  the  fuselage. 


RESULTS  AND  DISCUSSION 


nie  total- pressxire  resvilts  are  presented  as  errors  relative  to 
free- stream  total  pressure  and  are  nondimensionallzed  with  respect  to 
free- stream  impact  and  total  pressures.  In  general,  these  data  are  pre¬ 
sented  as  functions  of  distance  from  the  body  surfauie  (nondimensionallzed 
with  respect  to  the  local  body  diameter)  for  various  angles  of  attack 
and  for  Mach  numbers  of  0.60  and  0.80.  The  loceO.  static-pressure  meas¬ 
urements  obtained  at  a  distance  from  the  model  surface  of  y/d  =  0.10 
are  presented  in  coefficient  form  as  a  function  of  angle  of  attack. 

Ihe  effects  of  changing  nose  configuration  of  the  model  are  pre¬ 
sented  in  figure  5*  ®ie  effects  of  changing  the  meridian  angle  (cir¬ 
cumferential  location)  of  the  toted- pres sure  rake  for  the  configurations 
with  the  nose  boom  emd  %rLth  the  ball  nose  are  presented  in  figures  4 
and  5>  respectively.  The  effect  of  a  transition  strip  on  the  configura¬ 
tion  with  the  nose  boom  is  presented  in  figure  6.  A  compeirlson  of  total- 
pressure  errors  measured  at  the  secondary- tube  location  in  fll^t  at  the 
NASA  Flight  Research  Center  and  in  the  wind  txinnel  is  presented  in 
figure  7. 

In  general,  the  variation  of  test  Mach  number  from  0.60  to  0.80 
had  negligible  effect  on  the  total- pressure  error  although  some  influ¬ 
ence  of  compressibility  was  evident  in  static- pressure  coefficients. 

(See  figs.  3  to  6.)  The  effects  of  changing  the  nose  configuration  on 
total  pressures  sensed  by  rake  tubes  at  0=0°  were  negligible  at 
negative  angles  of  attack  for  tube  distances  (from  model  surface) 
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greater  than  y/d  =  0.02  (fig.  5)*  At  positive  angles  of  attack,  the 
total.- pres  sure  errors  were  large  for  the  configuration  with  a  nose  hooni) 
whereas  the  errors  were  small  for  the  pointed-nose  and  ball-nose  con¬ 
figurations  without  nose  booms  at  y/d  values  greater  them  0.04.  The 
large  losses  of  total  pressure  at  positive  euigles  of  attack  for  the  con¬ 
figuration  with  the  nose  bocai  were  presumed  to  be  associated  with  vor- 
ticity  shed  from  the  boom.  The  asymmetric  nature  of  this  type  of  vortex 
flow  and  its  effects  on  the  directional  characteristics  of  bodies  is 
discussed  in  reference  2. 

For  the  configuration  with  the  nose  boom,  the  effect  of  changing 
the  meridian  angle  of  the  total- pres  sure  rake  from  0  =  0°  to  0  =  14-5° 
was  generally  to  Increase  the  total-pressure  errors  at  negative  angles 
of  attack  and  to  reduce  the  errors  at  positive  emgles  of  attack  up  to  15° 
(fig.  4).  Location  of  the  rake  at  a  meridlEin  angle  of  90°  provided  total- 
press\ire  errors  which  were  larger,  at  positive  angles  of  attack,  than 
those  with  the  rake  at  a  meridian  angle  of  45°.  The  test  results  for 
the  configuration  with  a  nose  boom  (figs.  5  and  4)  Indicated  that  the 
lower  surface  of  the  fuselage  would  be  a  desirable  circumferentisLl 
location  for  a  secondary  total- pres sure  tube.  For  the  ball- nose  con¬ 
figuration,  changes  of  the  meridian  emgle  of  the  totsQ.-pressure  rake 
i  caused  small  errors  at  low  emgles  of  attack  euid  large  errors  at  angles 

•  from  -10°  to  -20°  eind  from  10°  to  20°  (fig.  5)»  Bie  asymmetry  exhibited 

by  the  static-pressxire  data  with  angle  of  attack  was  apparently  caused 
by  the  interference  or  shielding  effect  induced  by  the  redce  of  toteLL- 
pressure  tubes. 

•Hie  addition  of  the  transition  strip  to  the  configuration  employing 
the  nose  boom  (fig.  6)  had  negligible  effect  on  the  total  pressures 
sensed  by  rake  tubes  (0  =  0°)  at  negative  angles  of  attack  and  only 
small  effect  on  total  pressures  sensed  at  positive  angles  of  attack. 

Such  small  effects  were  generally  within  the  estimated  accuracy  of 
measurement . 

A  comparison  of  total-pressxu'e  errors  measured  in  flight  at  the 
NASA  Fll^t  Research  Center  and  in  the  wind  tunnel  at  M  =  0.6, 
y/d  =  0.10,  and  0  =  0°  (fig.  7)  indicates  reasonably  close  agreement 
for  the  ball-nose  configuration  throu^out  the  angle- of- attack  range 
for  which  flight  data  were  available  and  for  the  configuration  with  the 
nose  boom  at  angles  of  attack  up  to  approximately  6°.  The  q\iantltative 
differences  between  flight  and  wind-tunnel  data  were  genereO-ly  within 
estimated  measured  accuracies  except  for  the  configuration  with  the 
nose  boom  at  angles  of  attack  greater  than  about  6°.  In  this  case,  the 
data  discrepancies  may  have  been  associated  with  significant  differences 
,  between  the  geometry  of  the  nose  boom  (emd  attached  instrumentation) 

used  for  fll^pit  tests  and  the  simplified  geometry  of  the  nose  boom  used 
for  wind-tunnel  tests. 
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CCafCLUDING  RS4ARKS 


Tot€J.-pre8siire  errors  indicated  by  a  secondary  pressiore-tube 
installation  on  the  upper  surface  of  the  fuselage  of  an  X-15  research 
airplane  with  a  nose  boom  vere  investigated  by  subsonic  tests  of  models 
in  a  wind  tunnel.  The  results  indicated  that  the  errors  vere  apparently 
associated  with  the  vortlclty  shed  from  the  nose  boom  at  positive  angles 
of  attack,  since  no  serious  errors  were  noted  for  pointed-nose  and  beLLl- 
nose  configurations  without  nose  booms.  Ibe  results  silso  indicated  that 
the  lover  surface  of  the  fuselage  was  a  suitable  circumferential  loca^ 
tion  for  a  secondary  total-pressure  tube  on  a  configuration  with  a  nose 
boom.  Ihe  toteiL-pressure  errors  at  the  secondary- tube  location  were 
not  significantly  altered  by  changing  the  Mach  number  from  0.60  to  0.80 
or  by  adding  a  transition  strip  to  the  configuration  with  a  nose  boom. 
Sie  wind-tunnel  test  measurements  vere  in  reasonable  agreement  with 
fll^t  measurements  of  total  pressures  sensed  by  secondary  tubes  on 
alrpleuie  configurations  without  and  with  nose  booms. 


Langley  Research  Center, 

Rational  Aeronautics  and  Space  Administration, 

Letngley  Air  Fbrce  Base,  Va.,  February  8,  1962. 
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TABLE  I 

QRDIRATBS  TOR  POIHTSD-HOSE  COHFIQURATIC« 


Station, 

in. 

Radius, 

In. 

0 

0 

1.8 

.500 

3.6 

.936 

5.4 

1.320 

7.2 

1.640 

9.0 

1.915 

10.8 

2.138 

12.6 

2.310 

14.4 

2.425 

16.2 

2.480 

17.5 

2.500 

l,-l6l£ 
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(a)  Polnted>nose  model  with  total-pressure  rake  on  upper  surface. 


o  Pointad 

a  Pointad  with  boom 
o  Ban 


y/d  ^d 

(a)  Total-pressure  error  at  M  »  0.60. 
Figure  3*-  Sffect  of  nose  configuration.  0  >  0°. 
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Nose 

o  Pointed 
□  Pointed  with  boom 
O  Batt 


(b)  ToteQ.-pressure  error  at  N  =  0.80. 
Figure  Continued. 
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(c)  Static-pressure  error  at  ^  =  0.10. 


Figure  3«~  Concluded. 


(a)  Total-pressure  error  at  M  >  0.60. 

Figure  4.-  Suryegrs  at  Yarlo\is  aerldlan  angles  for  configuration  with 

nose  boon. 
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(c)  Static-pressure  error  at  ^  >  0.10. 
Figure  V.-  Concluded. 
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(a)  Total-pressure  error  at  M  =  0.60. 

Figure  SuxTreys  at  various  meridian  angles  for  configuration  vlth 

l)all  nose. 
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(c)  Static-pressure  error  at  ^  >  0.10. 
Figure  Concluded. 


20 


(a)  Total-pressure  error  at  M  =  0.60. 

Figure  6.-  Effect  of  transition  strip  on  configuration  with 

nose  'boom,  =  0°. 
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Transition 

o  Off 
o  On 


O  jX  04  06  08  to  O  02  .04  06  .08  to 


J5&  y/d 

(b)  Total-pressvire  error  at  N  »  0.80. 
»  Figure  6.-  Continued. 
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Figure  6.-  Concluded. 
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Pointed-nose  configuration  with  boom 


a,  deg 

Figure  7.-  Coii5»ari8on  of  total-pressure  errors  as  measured  at  the 

secondazy-tube  location  In  flight  and  In  the  vlnd  tunnel.  M  »  0.60; 
y/d  =  0.10}  0  =  0°. 
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